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ABSTRACT 

A field study on the effects of ni tri lot riacet ic acid (NTA) on 
activated siudge was carried out at the Waterdown \/ater Pollution Control 
Plant, from January, 1972 to April, 1973. The Waterdown Plant is a conven- 
tional activated sludge plant with a design flow of 1 362 mVd. The nominal 
wastewater flow was approximately hS% of design capacity and all homes served 
by the sewer system were within a mile and a half of the treatment plant. 

The areas investigated in the study include: degradation of 
NTA, effect of NTA loading on chemical treatment for phosphorus removal, 
NTA loading and heavy metal removal in the treatment plant, and effect 
of NTA loading on treatment plant operation. 

The NTA was added to the treatment plant in the form of 
Sunlight Soap (a commercial laundry detergent containing 20 wt % NTA) 
at two rates to approximate NTA spiking levels of 8 mg/L NTA and 
16 mg/L NTA. The background NTA loading in the raw wastewater averaged 
2.5 mg/L NTA. Diurnal variation studies of the NTA loading showed peak 
values of 12 mg/L NTA in the afternoon and minimum values of 0.1 mg/L 
NTA at night. The raw wastewater had an average BOD5 of 100 mg/L, a 
suspended solids of 150 mg/L, and a total phosphorus loading of 
6.0 mg/L P. Heavy metal levels averaged 0.2 to 0.5 mg/L for zinc, 
aluminum and iron, and 0.01 to 0.1 mg/L for lead, nickel and copper. 
The treatment plant efficiency averaged 86^ BOD5 and 85^ suspended solids 
removal throughout the study. 

Such factors as microorganism acclimatization to NTA, chemical 
addition for P removal, temperature and NTA loading, were analyzed by 
grouping the field data in such a manner that the sole effect of each 
factor could be analyzed with all other factors held constant. The 
studies demonstrated that NTA loadings up to 16 mg/L NTA did not ad- 
versely affect treatment plant efficiency or the amount of chemical 
precipitant required to meet an effluent total phosphorus objective of 
1 mg/L P. NTA degradation was significantly affected by wastewater 
temperature. Correlation of heavy metal transport through the treatment 
plant with NTA loading was inconclusive. 



RESUME 



Les effets de I 'acide ni tri lotr iac6t ique (NTA) sur les boues 
activ^es ont fait 1 'objet d ' une 6tude experimental e, de Janvier 1972 5 
avril 1973, ^ I'uslne d'^puration de Waterdown. II s'agit d'une installation 
classique aux boues activ6es, d'une capacity de 1362 m /j . Cette capacity 
n'est exploit6e qu'S ^5^ environ. Toutes les habitations desservies par 
le r§seau d'6gout sont situfees dans un rayon d ' un mi lie et demi de 1'usine. 

Les points ^tudi^s ont §t6 la degradation du NTA, les effets de 
sa charge sur la dgphosphatatron, sur reiimlnation des m^taux lourds et 
sur le rendement de ]'6puration. 

Du savon Sunlight, qui contlent en poids 20^ de NTA, a €t€ ajoute 
en quantity suffisante pour que la teneur en NTA atteigne 8 et 16 mg/L. 
Avant ces additions, la concentration de NTA dans les eaux brutes 6tait de 
2.5 mg/L. D'aprSs les etudes de la variation, sur 2't heures de la charge 
de NTA, sa concentration maximale (12 mg/L) a §te atteinte 1 ' aprfes-midi , 
tandis qu'elle etait ^ son minimum (1 mg/L) la nuit. En moyenne , les eaux 
brutes avaient une DBO^- de 100 mg/L, 150 mg de matidres en suspension/L 
et 6.0 mg P/L. Leur teneur en zinc, en aluminium et en fer variait entre 
0.2 et 0.5 mg/L, celle du plomb, du nickel et du cuivre, entre 0.01 et O.T 
mg/L. Au cours de 1 'etude, la DBO^ a ete reduite de 86^ en moyenne, et 85^ 
des matieres en suspension ont ete eliminees. 

L 'analyse de 1 'adaptation des micro-organismes au NTA, de 1 'addition 
de react ifs pour la dephosphatat ion, de la temperature et de la charge de 
NTA s'est faite S partir de donnees experimental es que avaient ete regroupees 
de telle fa^on qu'on puisse faire varier un seul facteur a la fois, les 
autres demeurant constants. Les recherches ont montre que des charges de 
NTA aussi eievees que l6 mg/L n'ont pas nui 5 I'epuration ni necessite 
davantage de reactifs chimiques pour atteindre I'objectif de 1 mg de P/L 
dans 1 'effluent. La temperature des eaux residuaires a influe sensiblement 
sur la degradation du NTA, Aucune correlation n'a pu etre etabl ie entre 
la circulation de metaux lourds et la charge de NTA. 
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CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

A field study on the effects of ni t r i lotriacet ic acid (NTA) 
was carried out at the Waterdown Water Pollution Control Plant from 
January, 1972 to April, 1973. The areas investigated in the study 
included: NTA degradation, the effect of NTA loading on chemical 
treatment for phosphorus removal, and NTA loading and heavy metal 
removal. The studies demonstrated the following: 

t. NTA loadings up to 16 mg/L NTA did not adversely affect the 
amount of chemical precipitant required to meet an effluent 
total phosphorus standard of 1 mg/L P. Chemical treatment 
processes included both alum addition to the aeration tank, 
and ferric chloride and polymer addition to raw sewage. 

Mi NTA loadings up to 16 mg/L NTA did not adversely effect the 

treatment plant efficiency or cause any operating problems. 

3- The microbial population in the aeration tank required 

approximately two to three weeks to acclimatize to each of 
the higher NTA loadings. 

It* NTA degradation in the treatment plant was significantly 
affected by wastewater temperature. With background NTA 
levels of 3 rDg/L NTA or less, the degradation rate was 
relatively independent of wastewater temperature. With high 
NTA loadings (NTA levels greater than 8 mg/L NTA) the removal 
rate was strongly correlated with wastewater temperature. 
The NTA removal rate also decreased with increased NTA loading 

Ss The correlation of heavy metal transport through the treatment 
plant with NTA loading was inconclusive. Zinc and iron 
removals in the treatment plant decreased with increasing NTA 
concentration in the effluent while copper, aluminum, nickel 
and lead showed no correlation. 
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RECOMMENDATIONS 

The following specific areas for further investigation are 
recommended : 

1- A detailed study of the removal of NTA from a large sewage 

treatment plant [^5 ^00 m^/d (10 MIGO)] should be undertaken. 
The performance during low temperature winter conditions 
should receive close scrutiny. The plant chosen should also 
have a relatively high metals input so that metal transport 
may also be monitored. 

2. More fundamental studies at pilot plant level where close 

control can be maintained are required to evaluate the effects 
of temperature, NTA loading and NTA shock loading on NTA 
removal by the activated sludge process. Controlled experi- 
ments into the effect of NTA loading on metal transport are 
also necessary to elucidate the metal transport mechanism. 
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f INTRODUCTION 

In August, 1971, the government of Canada and the government 
of the province of Ontario signed an agreement to ensure that the water 
quality of the Great Lakes is restored and protected. This 
"Canada-Ontario Agreement on Great Lakes Water Quality" was signed In 
response to the recommendations of the International Joint Commission 
(IJC) concerning pollution of the Lower Great Lakes and in anticipation 
of the Canada-United States Agreement on Great Lakes Water Quality. 
The purpose of this Canada-Ontario Agreement was to permit Canada and 
Ontario to effectively carry out their obligations under the Inter- 
national Agreement. An additional important provision of the Agreement 
was for the conduct of a research program for reducing costs of 
programs to achieve the specific water quality objectives set out in 
the Agreement. Thus, late in 1971, research programs were initiated on 
chemical removal methods, sludge handling, sludge disposal and other 
matters related to the process of removal of nutrients such as phosphorus 
from sewage. 

In May, 1972, the Federal Environment Minister announced new 
regulations, effective January, 1973, further restricting the phosphorus 
content of detergents to 5% P2O5. At the same time, the Minister also 
announced that the levels of substitute builders would be monitored to 
safeguard the environment. One such substitute builder is nltrllo- 
triacetic acid (NTA) which has been used in some synthetic detergents 
as a substitute for polyphosphates which are considered to be a 
major cause of lake eutrophlcation. However , questions have been 
raised as to the possible environmental effects that could result from 
a large scale usage o"*^ NTA in detergents. 

As a result, many laboratory studies have been conducted on 
the biodegradabi 1 i ty of NTA and its metal complexes (Shannon et al, 
1978) and their toxicity to marine life. Most of these studies are 
summarized in the comprehensive literature reviews of Thorn (1971), 
Epstein (1972), Thayer and Kensler (1973) and Prakash (1976). There 



was also a fuM scale field study on NTA removal by the activated sludge 
process (Shumate et al, 1970). During the winter of 1971, a full scale 
field study on the effect of NTA detergent on a biological treatment 
plant was carried out by the Environmental Protection Service at the 
Canadian Forces Station Gloucester (Shannon and Kamp, 1973). A similar 
study was conducted by the Fisheries Research Board at tvjo aerated 
sewage lagoons near Winnipeg, Manitoba (Rudd and Hamilton, 1972). 

1 . 1 Objectives 

In light of the possible environmental effects of NTA on 
treatment plant operation and the receiving waters, the following areas 
were investigated in the laboratory and under full scale conditions 
during the winter of 1972/1973: 

1. Nominal background levels of NTA in sewage treatment 
plant influent and effluent. 

2. Degradation of NTA in an activated sludge treatment plant. 

3. Effect of NTA loading on the chemical precipitation of 
phosphorus in a sewage treatment plant. 

h. Effect of NTA loading on heavy metal removal in a sewage 

treatment plant. 
5. Degradation of NTA in receiving streams. 

The test site of the study was the Waterdown Water Pollution 
Control Plant. The degradation of NTA in receiving streams has already 
been reported by Shannon et al (197^). 
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STUDY SITE AND EXPERIMENTAL PROCEDURES 
Plant Description 



The field test site for the study was the Waterdown Water 
Pollution Control Plant built in 1965 as a conventional activated sludge 
plant with a design flow of 1 362 mVd (0.3 MIGD). The nominal waste- 
water flow was approximately kS% of design capacity and all homes served 
by the sewer system are within a mile and a half of the treatment plant. 
A schematic diagram of the plant is shown in Figure 1, with design 
details summarized in Table 1. Throughout the study, the two secondary 
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FIGURE 1. WATERDOWN WATER POLLUTION 
CONTROL PLANT 



sedimentation tanks remained in operation, however, one primary 
clarifier and one aeration tank were taken out of service. This con- 
figuration most closely approached design conditions for the nominal 
wastewater flow. The effluent from the plant is discharged to Grindstone 
Creek and eventually finds its way to Hamilton Harbour. 

TABLE t. WATERDOWN WATER POLLUTION CONTROL PLANT 
DESIGN DATA. DESIGN FLOW = 1362 m3/d 
(0.3 MIGD) 
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Experimental Program 

The experimental program consisted of the following study 
conditions during which different chemicals were added to various sewage 
streams at a number of NTA loadings: 

(1) Laboratory study - jar tests concerning the effect of 

NTA on phosphorus removal. 

(2) Field study - aluminum sulphate and NTA addition 

period. 



(3) Field study 



{k) Field study 



- ferric chloride, polymer (Dow A-23) 
and NTA addition period, 

- NTA addition period. 



A listing of the field study conditions in chronological order 
is g i ven i n Tab le 2. 

TABLE 2. EXPERIMENTAL FIELD PROGRAM 
AT WATERDOWN 
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Field Procedures 



Ni t ri lotr i acet ic acid was added to the raw sewage in the form 
of Sunlight Soap, a commercial laundry detergent. The stock soap 
solution was made up every morning by adding 0.125 kg of soap per litre 
of tap water. A constant daily pumping rate was set each morning based 
upon the raw sewage flow of the previous day and the observed instan- 
taneous flow between 0800 and 0100 hours. The soap solution was added 
to a manhole approximately 100 m (300 ft) upstream from the head end of 
the gr i t channel . 

Two chemical types and addition points were used for phosphorus 
removal during the study. In the first, simultaneous chemical treatment 
was employed by adding alum to the mixed liquor in the inlet channel to 
the final clarifier, such that a concentration of 200 mg/L alum was 
present. The precipitated phosphates were removed along with the 
activated sludge in the final clarifier. During the second phase, 



phosphorus removal was accomplished by chemical treatment of raw 
sewage. Ferric chloride at 30 mg/L Fe^ was added to the influent end 
of the grit removal channel followed by an anionic polymer (Dow A-23) 
at 0.5 mg/L to the Parshall Flume. The precipitated phosphates were 
removed with the particulates in the primary clarlfier. A constant 
daily pumping rate (for these chemicals) was determined using the method 
developed for the soap solution. The chemical stock solutions were made 
up as fol lows: 

1. Ferric chloride - 300 g/L. 

2. Alum - 6^0 g/L. 

3. Purifloc A-23 polymer - 2.5 g/L. 

2.^ Field Sampling Program 

Seven points within the Waterdown Water Pollution Control 
Plant, as shown in Figure 2, were selected as sampling stations: raw 
sewage main (Si), effluent channel secondary clarifiers (Sz) , effluent 
channel primary clarifiers (S3), aeration tank (St>), return activated 
sludge overflow box (S5) , raw sludge pump (Sg), and the supernatant 
return line (S7). Automatic samplers were set up for the duration of 
each study period at Si, S2 and S3. Hourly samples were taken contin- 
uously for the sampling period, 2k hours a day. Eight-hour composites 
were prepared from these hourly samples for the following three time 
periods: 0100 to O8OO hours, 0900 to I6OO hours, and 1700 to 2400 hours. 
In the final NTA study period, six-hour composites were prepared from 
the hourly samples for the following four time periods: 0100 to 
0600 hours, 0700 to 1200 hours, 1300 to I8OO hours and I9OO to 2400 hours. 
The resulting data from these samples were used to determine phosphorus 
removal and NTA degradation efficiencies measured. Twenty-four-hour 
composites were also prepared from these hourly samples. They were used 
to assess plant performance by analyzing for total 8OD5, suspended 
solids, volatile suspended solids, and soluble total organic carbon. 
They were also used to measure heavy metal transport by analyzing for 
aluminum, iron, copper, zinc and nickel. Grab samples of other streams 



were taken in order to gain a more complete understanding of the system. 
They included: daily grab samples of the aeration tank contents for 
mixed liquor suspended solids, mixed liquor volatile suspended solids, 
sludge volume index and total BOD5 plus daily grab samples of the waste 
activated sludge, raw primary sludge and digester supernatant for sus- 
pended solids, volatile suspended solids, iron, aluminum and total 
phosphorus. 
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FIGURE 2. TREATMENT PLANT SAMPLING AND CHEMICAL ADDITION LOCATIONS 



All routine samples were transported daily to the Wastewater 
Technology Centre, Burlington, for analyses. Special preservation 
techniques and analyses were required for some samples, and these are 
described in a later section. 



2.5 Jar Testing Procedures 

One of the objectives of the study was to assess the relation- 
ship between NTA loading and chemical phosphorus removal. For this 



investigation standard jar testing procedures using Phipps and Bird 
six-place gang stirrers were used for the three different phosphorus 
removal coagulants (ferric chloride, lime and aluminum sulphate). A 
series of jar tests were conducted on samples from the influent and 
effluent streams of several wastewater treatment plants located in the 
Burlington area. The source of the samples and number of jar tests is 
shown in Table 3. After the samples were brought to the laboratory, 
they were spiked to the required level of 8 and 16 mg/L of NTA by adding 
the sodium salt of NTA. The ranges of chemical doses tested were as 
follows: lime, to 500 mg/L as Ca(0H)2; ferric chloride, to 30 mg/L 
as Fe^ ; and alum, to 30 mg/L as Al ^ . The anionic polymer (Purifloc 
A- 23, Dow Chemical Company) was used as a coagulant aid at 0.5 mg/L with 
ferric chloride and alum. 

TABLE 3. SOURCES OF SEWAGE FOR JAR 

TESTS TO ASSESS NTA LOADING 
AND CHEMICAL PHOSPHORUS 
REMOVAL 



Waste Treatmeni Plant 


Sample Type 


No. of Jar Test* 


Uaterdiwn 


Raw Sewage 
Secondary Effluent 


7? 

23 


Skyway I'lant 
Borl Irsgton 


Klw Sewage 
Seeondary EffUent 


7 
27 


Orury Lane Plant 
Turlington 


Haw SeMAge 
Secttndary Effluent 


12 
13 



The experimental procedures followed for an individual jar 



test were: 



(i) collect 20-litre grab samples of the influent and effluent 
streams of the plant and divide each into six, one-litre 
beaker al iquots; 
(ii) add coagulants in the desired concentration and flash mix 
the beaker contents at 100 rpm for five minutes; 
(iii) floculate at ^0 rpm for 10 minutes - if polymer was 
required, it was added at this stage; 
(iv) allow samples to settle for 90 minutes at 10 rpm; and 
(v) discontinue stirring, allowing samples to settle for five 
minutes and decant supernatant from each beaker for sub- 
sequent analyses. 



These experimental conditions were followed in an attempt to simulate, 
as closely as possible, the hydraulic behaviour of a full scale 
phosphorus removal system. Total phosphorus was measured on all jar 
test supernatants. 
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Analytical Procedures 



A summary of the parameters measured during the field study 
Is presented in Table k. 



TABLE k, PARAMETERS EVALUATED DURING STUDY 



Raw lewage nnj) prl-nory ant) secondary effluent {%l. 


^ ■■ . Si) 




(oral pihoipri&rLii 


NT/l 






irjtal BOOi 






^u-$pendcd' sol ids 






volalile iijspendpd sCjUdi 






idlubtf total srcjanic carhon 






hpayy metati (A1, Fe, 2n, Cu, Ni) 






Icoipcratuf e 






pH 






d 1 ssol ved o* yge'n 






altal ini ry 






hardness 






wJ 5 1 ew,i t e r f 1 ow 






Aeration tank contents {%„) 






mixed liqyfl' suspended ootids 






railed linJor volatitr suspended solids 






!i ludge volume tnde» 






lemperatur* 






ctisscilved Oiygen 






return activated sludrie flow rate 






waste activated and raw primary sludqe and digeste 


' ^upfernat^nt 


{%. s«. V) 


trjtal suspended so.lids 




total volatile suspended -solids 






Iron 






aluminux^ 






iQt^l phosphorus 






waste activated sludge flow rate 






rav* primary sludqe flow rale 






digester supernatant flow rate 







Suspended and total solids, pH and total alkalinity analyses 
were conducted in accordance with Standard Methods (1971). Total organic 
carbon analyses were done on a Beckman Carbon Analyzer. Calcium and 
total hardness were determined by the EDTA titrimetric method described 
in Standard Methods (1971) with magnesium calculated from the difference 
between total hardness and calcium concentrations. Phosphorus analyses 
were made by the persulphate digestion and automated ascorbic acid 
method. 

Samples taken for NTA analyses were preserved immediately with 
formaldehyde and filtered as soon as possible through a 0.45 micron 



f 



membrane filter. They were then analysed by the polarographic method 
described by Traversy (1970 which is based on the formation of a 
bismuth-NTA complex at pH 2.0 ± 0.05. The resultant complex was analysed 
with a differential cathode ray polarograph. 

Samples taken for metal analyses (Fe, Cu, Zn and Ni) were 
digested with concentrated sulphuric and nitric acid (5 mi of each per 
250 ml sample) to dryness. The sample was then made up to 250 mL again 
with deionized water. If any colour was evident, digestion was repeated 
using an additional 5 ml of nitric acid. Subsequently, the sample was 
made up to one litre and heavy metals were determined using the atomic 
absorption procedures described by Traversy (1971). 

2.7 Statistical Treatment of Data 

Since the primary objective of the project was to assess the 
various effects of NTA on the treatment plant, it was necessary to find 
out by how much different groups of data differed, and how statistically 
significant this difference was. A simple, but effective, analysis of 
variance technique was used. 

For example, the difference between two populations (group) 
means was estimated by the sample means with a confidence interval as 
fol lows: 



Vi + i 



lii - y2 = Xi - Xz ± tQ Q25 Sp 



where: pj « population mean of group 1. 
Uz = population mean of group 2. 
Xi - sample mean of group 1. 

Xz = sample mean of group 2. 
Ni = size of sample group 1, 
Nj = size of sample group 2. 

tQ Q25 * t*^® two-tail "student t" distribution for 95^ 
confidence level. 
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2 

this case, two) sample groups considered (Wannacott & Wannacott, 1969). 



The "pooled" or combined variance is defined as S ^ of all (in 



If m - vi2 includes zero, that is, t^ ^^5 ^p\^ H, "^ N2 '^ 



■VF 



greater than Xj - X2 , then the difference is not statistically signi- 
ficant at the 95^ confidence level. 

When no statistically significant difference is observed 
between groups, there are the following possible interpretations: 

(1) There is no true difference between the populations from 
which the samples are taken. 

(2) The variations of sample values within each group are 
large. This could be caused by sampling errors, size of 
samples, etc. 

(3) Within group variations are large but there is no true 
d if ference. 

(k) There is a true difference but it cannot be observed 
because of the large variations within each group. 

In the analysis of raw data, daily averages were used. Since 
the treatment plant has an inherent retention time, the effect of time 
lag must be taken into account when analyzing influent and effluent data. 
The plant was designed with two aeration tanks in parallel for 1 362 mVd 
(0.3 MIGD) , giving a retention time of eight hours. Throughout this 
study, the flow rate was approximately half of the design flow and only 
one aeration tank was used. The retention time for the active plant was 
approximately 10 hours. In cases where three or four daily composite 
samples were taken, the time lag effect was reduced by shifting the 
effluent samples down one composite sample. 
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3 RESULTS AND DISCUSSION 

3. 1 Wastewater Characteristics and Treatment Plant Operation 

tn Table 5 average values for the raw wastewater to the 
Waterdown Water Pollution Control Plant are sumnarized. This provides 
a reference for the assessment of the treatment plant behaviour under 
various conditions of stress imposed in the course of this study. The 
wastewater is typical of a weak municipal wastewater from a low 
density residential area. The background NTA and phosphorus loadings 
in the raw wastewater averaged 2-5 mg/L and 6.0 mg/L, respectively. 
Experimental period averages of the phosphorus and NTA loadings during 
periods when there was no NTA addition, are presented in Table 6. The 
daily average variation (Figure 3) and diurnal variations (Figures 4 and 5) 
of the phosphorus and NTA are also presented. No correlation between 
NTA/phosphorus loading and the day of the week was observed. Diurnal 
variation studies of the NTA loading showed peak values of approximately 
12 mg/L in the afternoon and minimum values of 0.1 mg/L at night. 

The experimental period averages of the secondary effluent 
characteristics are tabulated in Table 7 and the operational parameters 
in Table 8. Although the plant was designed as a conventional activated 
sludge system, the F/M ratio and percent return sludge suggest the plant 
operation could be more closely approximated by an extended aeration 
process. As summarized in Table 7f during most of the experimental 
periods an effluent of acceptable quality was produced, 

3.2 Impact of NTA on Treatment Plant Operation 

3.2.1 General 

Laboratory studies by Thompson and Duthie (I968) have shown 
that the sedimentation rate and the sludge volume index of raw municipal 
wastewater are not affected by the addition of up to 50 mg/L of NTA. 
Field studies by Shumate et al (1970) also showed that NTA had no obser- 
vable, adverse effects on the overall BOD5 removal efficiency of an 
activated sludge plant. Dosages of up to 16 mg/L of NTA were used in 
the study. 
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TABLE 5. RAW SEWAGE CHARACTERISTICS 



\,^^ Periods 
Par3meterr'"'s^ 


NTA-0 
Jan 10, 1571 

Jar, 21. 1972 


NTA-O+Alum 
Jan 2k, 1572 

til 
Feb M, 1972 


NTA-S4.Alun> 

Feb 111, 1372 

to 

Mar 6, 1972 


MTA-16+Alum 

Mar 7, 1972 

to 

Mar Ih, I97J 


NTA-0*FeEI J 
Apr 11, 1972 

to 
Apr 28, 1972 


MTA-B+feClj 
May 1, 1972 

to 
May 11, (972 


NTA-16.rreCl, 
May 15. 1972 

to 
M^y 26, 1972 


MTA-0 
May 30, 197! 

June ?, 1972 


MTA-0 

NQ^ 6, 1972 

to 

Nov 19, 1972 


tlTA-8 

Oec li. 1972 

to 

Dec 17. 1972 


NTA-16 
Jan ). 1973 

Jan H, 1973 


NTA-0 
Jan 29, 1973 

to 
reb 11, 1973 


t*TA-8 
Fe6 26. 1973 

to 
Mar 11. 1973 


NTA-16 

Mar 26, 1973 

to 

Apr 5. 1973 


BODi 


132* 


(97)" 


69 


(211 


76 


(26) 


99 


(»ni) 


62 (30) 


So (3*) 


5S (2<>) 


52 


(20) 


98* 


(JO)*^ 


109 


(82) 


102 


(37) 


III (56) 


119 (35) 


60 (12) 


TOC 


:<> 


(10) 


6] 


(57) 


73 


(23) 


S3 


(12) 


27 (12) 


26 (16) 


1.0 (9) 


27 


(12) 


33 


(19) 


1.0 


(12) 


28 


(10) 


52 (22) 


1.7 (21) 


27 (6) 


Phosphorus 


M (1.9) 


7-J« 


(I..0) 


7-1 (l-i.) 


5-8 


(3,3) 


3.". (1,9) 


5,1 (3,0) 


8.3 [1^.3) 


6.8 


(3.9) 




' 


* 








Suspended 
;□! ids 


105 


ti.7> 


IJl 


(30) 


122 


(29) 


106 


(26) 


135 (27) 


193 CtS) 


20l( (66) 


lU 


Wl 


117 


{•}'<) 


57 


(28) 


91. 


(1*0) 


153 (59) 


133 (il.) 


93 (27) 


Voldl 1 ]e 
Suspended 
Solids 


ail 


CD 


III. 


[261 


106 


(26) 


90 


(25) 


86 (19) 


119 (23) 


IW (36) 


117 


(32) 


81. 


(5U 


W 


(25) 


79 


(39) 


U8 (3M 


113 (33) 


68 (20) 


At 


0.168 


(0,0'tO) 


0.177 


lO.lliOl 


0.181 


iO.H.0) 


0.258 


(i.lilO) 


0.175 (0.152) 


0. 160 (0, 162) 


0. MO (0.075) 


0.221 


(0.197) 


0.165 


(0-1 56) 


0.153 


(O.llB) 


0.171. 


(0,079) 


0.201. (0.112) 


0.2li2 (0,139) 


0.211. (0.179) 


Cu 


0.O76 


(0.016) 


O.OI18 


(0,03) 


0.067 


(o.ors) 


0.057 


(0.DI6) 


0,0711 [0,026) 


O,08t (0,OI8) 


0-103 (0.01.5) 


0.086 


(0,026) 


0.119 


(0.038) 


0.070 


(0.023) 


0-08it 


(0.029) 


0.091 (0.035) 


0,078 (0,035) 


0.03a (0.017) 


Ft 


1,10 


(i.'.a) 


O.!!") 


{0,071 


O-S"* 


(0.18) 


0.62 


(0.22) 


9-18 (6.1.1) 


18,1. (8,7'«> 


21.6 (12.5) 


3-03 


(1..66) 


D-51.6 


(0.272) 


0.271. 


(0.226) 


0.352 


(0.219) 


0.1(11 (0.263) 


O.5O6 (0.33^1) 


0.369 (0.678) 


Zn 


0.1)7 


(o.oeo) 


0,173 


(O.OI8) 


0.159 


(o.do) 


0.077 


(0,01*0) 


0.161 (0.063) 


0,156 (0,()6*) 


0,169 (0.073) 


0.191. 


(0.062) 


0.256 


(0,o87) 


0,157 


(0.055) 


0. 189 


(O.I31) 


O.19B (0.100) 


0,176 (0,073) 


0.111 (0.095) 


Nt 


o.ooj 


(0.002) 


O.OOli 


(0.001) 


0.009 


(0.007) 


0-O16 


(0-003) 


O.OU (0,002) 


0,017 (0.001.1 


0,021. (0,021.) 


0.015 


(0.002) 




- 


- 






- 


Ph 




0.030 


(O.Ollt) 


0.037 


(0.027) 


a. 017 


(O.OO8) 


0.027 (0.023) 


0,021. (0.008) 


0.028 (O.009) 


0.027 


(3.006) 


- 


- 


- 






- 


Alkalinity 


- 




- 


- 


2lt6 (69) 


327 (II) 


381 (33) 




562 


(SO) 


37C 


CS) 


31.1 


(29) 


3<i) (33) 


))5 (37) 


289 (26) 


Hardness 










- 


- 




!78 


(88) 


1.71 


(176) 


1.69 


(85) 


WS (100) 


270 (67) 


111 5 W) 


now 


0.OO8 


(0.010) 


0.077 


(0.01b) 


0.0^6 


iO.OJ2) 


0,131 


(O-OliJ) 


0. 182 (0,050) 


0. 172 (0.0301 


0-106 (0,030) 


. 10} 


(0.020) 




- 


- 


0,100 (0,020) 


0,117 (0.060) 


0.220 (0.030J 


pH 


7.6 


(O.B) 


8.0 


(0.2) 


7.8 


(0. U 


7.7 


(0.2) 


7,5 (0,3) 


?,5 (0.6) 


8,0 (0.2) 


?.s 


(0.1) 


7,9 


(0.2) 


8.0 


(0.1) 


7-9 


(0.2) 


7.9 (0.2) 


8,0 (0.1) 


7.9 (0,2) 



All parameters i"^ fnq/L extrpt \i» and f \aH ffl 
Standard dt^^isiiuns in prirenfh^ies . 



TABLE 6. NTA AND PHOSPHORUS CONCENTRATIONS 
IN RAW SEWAGE 



Expertnental 


Period 


Hi NTA 


Phosphoruj 
mg/L 


Jan 10 - Jao 21, 


1972 


2.87 


(2.2*)* 


7. J (2-9) 


Jan 2li - Feb 11, 


1972 


2.77 


(2.78) 


7.* W 


Apr It - Apr 28. 


1972 


1.16 


(1.19) 


3. It (1.9) 


Nay )0 - Jun« 7, 


1972 


2,20 


(2.16) 


6.8 (3.9) 


«ov 6 - Mov 19, 


1972 


1.9a 


(2.64) 


-- 


Jan 29 - Feb 1!. 


1973 


2.55 


(6.55) 


-- 



* standard deutatlo(f& In parentheses. 
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FIGURE 5 DIURNAL WRIATION OF NTA IN RAW WASTEWATER 



TABLE 7. SECONDARY EFFLUENT CHARACTERISTICS 





tlT*-0 
Jan 10, 1372 

to* 
J<n 11, 1972 


NTA-OtAlun 
J*n lit, 1972 

to 
Feb M, 1972 


Feb 


S+Alum 
*, 1972 
to 
6, 1972 


MTA-l6+*lum 

K.r 7. 1972 

to 

Njr 2>i, 1971 


MTA-0*FeCl 1 
Apr 11. 1972 

Apr 28, 1972 


NTA-8+FeCl, 

Nay 1, 1972 

to 

Miy 11, 1972 


NTA-16+FeC1i 
Hif 15. 1972 

to 
May 26. 1972 


NTA-0 
nay )0, 1972 

June 7. 1972 


NTA-0 

Nov 6. 197! 

lo 

Nov 19. 1972 


NTA-B 

Dec 1., 1972 

Co 

Dec 17. 1972 


NTA-16 

Jan 1, 197) 

to 

Jan U. I97J 


t)T*-0 
Jan 29. 1973 

Fib 11, 1973 


NTA-B 

Feb 26, 1973 
«ar 11, 1973 


NTA-}6 

Mar 26. 1973 

to 

Apr 5. 197) 


WD, 


10* (;».)»* 


9 


(6) 


1 1 


(M 


(7 


(7) 


6 (3) 


9 (7) 


12 (1.) 


9 


(6) 


22* (12)^* 


21. 


(9) 


33 


(10) 


11 (9) 


12 {ki 


10 


(3) 


TOC 


3.1 (6.0) 


31,0 


(IB) 


28. 3 


(9.1) 


28.6 


(9.7) 


18 (9) 


I". (1.) 15 il) 


12 (6) 


21 (7) 


38 


t2)) 


22 


(5) 


19 (4) 


24 (5) 


19 


(2) 


^hojphoruj 


8. J (1.5) 


1.9 


(t.l) 


1.5 


(0.4) 


0.96 


(O.30) 


0,5 (0,2) 


0,5 (0,1) 


0.8 (0,5) 


3.0 


(1.8) 




. 








■ 1 


Solids 


•tB (75) 


22 


(9) 


29 


(7) 


25 


(J) 


9 (3) 


10 (3) 


U (9) 


12 


(9) 


15 (5) 


10 


(6) 


10 


C) 


10 (5) 


13 16) 


9 


(J) 


Volitll* 
Suspended 

Solid! 


12 (7) 


16 


(5) 


22 


(6) 


20 


(3) 


7 Ci) 


8 (3) 


12 (9) 


10 


(B) 


13 (5) 


8 


(5) 


J (3) 


8 (3) 


10 (5) 


7 (2) 


*l 


0. 1]6 (0.07<i) 


0.656 


(0.*S0) 


0.717 


(0,587) 


- 


0.06) (0.030) 


0,J<i2 [O.OII) 


0.028 (0,007) 


0.111 


(0.0B5) 


0,075 (O.06I1) 


0, 105 


(0.078) 


0.118 


(0.066) 


0,072 (0.041.) 


0.120 (O.08I) 


0.120 


(O.04t) 


Cu 


0.037 (0.008) 


O.OIS 


(0.007) 


0.023 


(0.007) 


0.025 


(0.005) 


0,021 (0.006) 


0,015 (0.00)) 


0.015 (0,002) 


0,025 


(0.007) 


0.06". (0.0)9) 


O.OJI 


(0.025) 


0.038 


(0.019) 


0.025 (0.030) 


O.OJO (0,026) 


0.025 


(0.014) 


Fe 


0.275 (0,350) 


0,173 


(0,080) 


0,275 


(0.100) 


0,325 


(0.130) 


0.6)0 (0.3'>7) 


0.700 (Q.J9I1) 


0.670 (0.279) 


0.3110 


(0.1.50) 


0.321. (0.121.) 


0.083 


(0.01.6) 


0, 167 


(0.077) 


0.095 (0,057) 


0,21.9 (0,218) 


0,1)4 


(0,12)) 


In 


0,063 (0.056) 


0.1)0 


(0.037) 


0,138 


(O.OM) 


0.129 


(0.130) 


0.058 (0.020) 


0,098 (0.0)7) 


0. 11) (0.062) 


O.08I 


(0.015) 


a. 182 (0.O55) 


0.128 


(0.022) 


0, 179 


(0.122) 


0.097 (0.039) 


0,174 (0,030) 


0.077 


(0,064) 


Nl 


O.OOI (0.O02) 


0.003 


(0.001) 


0.009 


(0.008) 


O.OIIl 


(0.003) 


0.009 (0.002) 


0.010 (0.002) 


0,009 (0.002) 


0.009 


(0,003) 


- 


- 




- 


- 




n 


O.OOS (O.OOJ) 


0.0)3 


(O.DIBO) 


0.0184 


(O.OIB) 


0.010 


(0.008) 


0,005 (0,002) 


0,005 (0,005) 0,005 (0.OO2) 


0.005 


(O.OOI) 


- 






- 




- 


^ 


7.0 (0.1) 


7.0 


(0.1) 


7.0 


(0.0 


7.1 (o.n 


7.2 (O.I) 


7.0 (0.2) 


7,2 (0,1) 


7.1 


(0.1) 


7,1. (0.1) 


7.0 


(l.*) 


7.2 


(1,)) 


7.11 (O.t) 


7.4 (0.1) 


7.5 


(0.1) 1 



* AM fvrtRwtcrj In rog/L except pH. 
** 5cand«rd deviation^ in parentheses. 



TABLE 8. WATERDOWN POLLUTION CONTROL PLANT OPERATIONAL 
CHARACTERISTICS 



Experimental Periods 


% 

eoD 

Remova 1 


t 
Return 
Sludge 


Aeration 

Time 
h 


MLSS 
mg/L 


MLWSS 
mg/L 


Temp. 


F 


00 
mg/L 


SVI 


NTA-0, Jar. 10-21 , 1972 


87 


33 


9.8 


2 089 


1 792 


II 


0.13 


2.4 


123 


NTA-0+Alura, Jan 24 - Feb 1 1 , 1972 


85 


a? 


7,9 


2 756 


1 963 


9 


0.06 


2.3 


165 


NTA-8+Aliim, Feb 14 - Har 6, 1972 


86 


97 


6.8 


2 B66 


1 912 


10 


O.OB 


3-2 


228 


NTA-I6+A)uin, Har 7-Z4. 1972 


80 


74 


5. 1 


3 691 


I 488 


9 


0. 10 


5.7 


161 


NTA-0+FeCl,, Apr 11-28. 1972 


86 


67 


3.9 


2 709 


t 997 


1 1 


0, 12 


6.0 


109 


NTA-e+FeClj , May 1-1), 1972 


86 


69 


4.0 


2 86) 


2 098 


12 


0.14 


4. 1 


161 


HTA-16+FeCl,. Nay 15-26, 1972 


79 


33 


8.2 


2 474 


1 836 


15 


0.07 


2.7 


125 


NTA-0. May 30 - June 7, 1972 


84 


88 


5.9 


2 623 


1 927 


16 


0.06 


1.0 


114 


MTA-0, Nov 6-)9, 1972 


75 


Jft 


- 


1 645 


1 350 


15 


- 


3.6 


578 


NTA-8, Dec A- 17. 1972 


n 


28 


- 


t 484 


1 169 


12 


' 


4.4 


516 


NTA-16. Jan )-j4, 1973 


66 


)0 




1 463 


1 169 


10 




4.9 


49 S 


NTA-0. Jan 29 - Feb 1 1 , 1973 


92 


29 


8.6 


1 477 


1 216 


10 


0.21 


4,8 


667 


NTA-8, Feb 26 - Mar n , 197) 


88 


53 


6.4 


2 324 


t 861 


10 


0.16 


4. 1 


39'! 


NTA-16, Mar 26 - Apr S. 1973 


82 


42 


3.7 


2 212 


1 579 


10 


0.17 


3.8 


167 



3.2.2 



Treatment plant efficiency 



The BOO5 and suspended solids removal efficiencies in this 
study were monitored routinely during all the experimental periods. 
Table 9 shows that in each period the percent BOD 5 removal decreased 
slightly with increasing NTA level. The fact that this trend was 
evident in all four periods leads to the hypothesis that high levels 
of NTA do have some adverse effect on plant operation. To test this 
hypothesis, the data in Table 9 are grouped into the three NTA levels 
and an analysis of variance carried out. The statistical data presented 
in Table 10 shows that there was a slight, but statistically significant, 
decrease in BOD5 removal at an NTA level of 16 mg/L. 



TABLE 9. INFLUENT NTA CONCENTRATIONS AND 

TREATMENT PLANT BOD5 AND SUSPENDED 
SOLIDS REMOVAL FOR EACH EXPERIMENTAL 
PERIOD 



£x;>erlff>efita1 
Perlodi 


Date 


MTA Lev«t 
mg/L 


t BOOi 


Removal 


r "■ -- - ■ 
Sol ids Removal 


NTA-0 

No Alun 


Jan 10 - Jan Jl 


3.0 


te.s 


16.7J« 


35.2 


(J. 2) 


NTA-0 
AVun 


Jan lli - Feb 11 


2.7 


8ii.l> 


(9.M 


8J.1 


(5.6) 


NTA-8 

AtuM 


Feb r* - Mar 6 


6.r 


85. J 


(S.6) 


73. B 


(10.0) 


KTA-ie 

Alum 


Har 7 ' Kar Ik 


IV.5 


79-9 


(9-8) 


7*. 5 


(8.ti) 


NTA-0 
feCl, 


Apr 1 1 - Apr 28 


1.2 


SB.O 


(9.9) 


93-0 


C3.!) 


STA-B 
Feci, 


Hay 1 - Nay k 


10.8 


86.4 


(II.OJ 


91*. 6 


(1.9) 


HTA- 16 
FflCli 


Hay t^ • Hay 16 


19.0 


7«.9 


(8.4) 


92.8 


(ii.8) 


WTA-0 


Kay JO - June 7 


2.3 


83-5 


(7,6) 


91.9 


(J.9) 


HTA-0 


Nov 6 • MOV 19 


2.0 


74.9 


(16.2) 


S0.6 


(11.8) 


UTA-fl 


Itec H ■ t)et. 17 


9.S 


7J.0 


(11.8) 


81. J 


(10.51 


fTA-li 


Jan 1 - Jan 14 
t971 


21.1 


65. 5 


(lO.M 


a«.9 


(2.6) 


KTA-0 


Jan 19 - Feb It 


2.6 


91.5 


(J.9) 


92.6 


(6.0) 


NTA-S 


Feb 26 • Mar t1 


7-5 


67.6 


(6.2> 


69. <• 


i*>-3) 


NTA-16 


Kar 26 - Apr 5 


9.0 


81.8 


(7,1) 


89.1 


(35) 



Standard d«vta.tIons in parent^etat. 
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TABLE 10 



EFFECT OF NTA LOADING ON BOD5 AND 
SUSPENDED SOLIDS REMOVAL 





Average i Avera<}«. 
MT* Levis! Twne 
raj/L H,NTA | 'C 




•• BCiD.. Stmoval j I 


Skj«f>ef>d'ed 5rjHj^ Rtrm-jva 1 




" 


ftvcraue 


Standard 
i Deviation 


" 


iJuerag*? 


Standard 
Ob If 1 at ioii 


"1 


2.3 i 11.5 


69 


S5.2 


10.3 


69 


87.7 


7.7 


IJ2 


8.1 1 10. a 


iiO 


8.Z.9 




10.1. 


'^ 1 83,4 


n.5 


.,, 


Ifc.O [ 10.6 


1 


7S.1 


1 "-^ 


1.2 


i ''■' 


10-& 


; 




2. J • 4.0 

7.1 ■• i. 1 
1..3 • i..? 


S 




3.0 3 }.i, 
-0.7 ■ ^.S 


s 

NS 



Not vlgnlficant at the 55'^ <;bofld«nce '( 
Significant at the 95'. confideflce level. 



3.3 Effect of NTA on Chemical Precipitation of Phosphorous 
3.3.1 General 

When ferric or aluminum salts are added to wastewater con- 
taining phosphates, the metals react with the phosphate anions to 
precipitate phosphorus. In the presence of NTA, one would expect the 
chelating capacity of the NTA to compete with the phosphate anions for 
the metallic ions, thereby resulting In a reduced phosphorus removal 
eff ic lency . 

Forsberg and Wiberg (1968) treated sewage effluent with 
100 mg/L of aluminum sulphate in the presence of 0, 1,5 and 10 mg/L of 
NTA. The phosphorus removal efficiency was observed to decrease by 
about 10^ between and 10 mg/L NTA. However, the statistical signi- 
ficance of the results was not clear. Bouveng et al (1968) also 
reported qualitative results indicating a slight decrease in phosphorus 
removal with alum at NTA levels from to 10 mg/L. Gudernatsch (1970) 
reported that the influence of NTA on phosphorus removal with lime was 
insignificant and the results with ferric and alum salts were similar to 
Bouveng' s. The NTA concentration under study was 25 mg/L as Na3NTA'H20. 



3.3.2 



Bench scale studies 



To elucidate on the above observations, a series of jar 
tests were carried out in the laboratory using domestic sewage with 
different levels of NTA and chemical preci pi tants. The results are 
presented In Tables 11 and 12. An analysis of variance on the 
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experimental data showed that the presence of up to 16 mg/L of NTA had 
no effect on chemical precipitation of phosphorus when using alum or 
ferric chloride. 

TABLE II. BENCH SCALE EVALUATION OF THE IMPACT OF NTA ON PHOSPHORUS 
REMOVAL IN RAW SEWAGE 



Co«(u(»nt 


Keplicat*! 


Me»n Percent Removal As A 
function eF WTA And Coagulant OoMg* 


Analv4ii Of VarUnce 


NTA 


C(»guUni 0o«age «9/l. 


Sourca of Variation 


Sum Of 
Square* 


OaSraes of 

Fr«e<iom 


Mean 
Squares 


fc 


^O.OOS 


0.0 


50 


10.0 


!5.0 


20,0 130.0 


ferrlt Chlewlde 


6 


0.0 
S.O 
1C.D 


0.0 
0.0 
0.0 


11.8 
Zk.O 
22.5 


39.7 
3<i.9 
SO. 6 


1.6,9 
62.6 


61. li 
57.7 
70.9 


7J.7 
71.7 
8*. 9 


NTA 

Coagulant Ootaga 

NTA X Coagulant Oireage 
Error 


1 7*9.0 

70 819.0 

1 019.0 

8 IS9.0 


I 
S 

10 
90 


87*. 5 

1* 163.8 

lot. 9 

90.7 


8.^ 
1J9.0O 

1.12 


3.10 
2.JJ 

1.95 


Atum 


6 


o.« 
8.0 
J6.0 


0.0 
0.0 

0.0 


38.5 


6)1.1 
75.0 


80.7 
7*.0 
8J.0 


88.9 
86.1 
86.7 


9J.1 
91. S 
92.9 


MTA 

Coagulant Ooiage 

NTA 1 Coagulant Dosage 

Error 


187.6 
109 9OJ.0 

770.1 
6 779.9 


1 
5 

10 
90 


93-8 
]l 980.6 

77.0 
7S,3 


1.22 

28s. *1 
1.02 


3.10 
Z.J3 

1.95 



TABLE 12. BENCH SCALE EVALUATION OF THE IMPACT OF NTA ON PHOSPHORUS 
REMOVAL IN SECONDARY EFFLUENT 



Coagulant 


Repl Icates 


Mean Percent Removal As A 
Function Of HTA And Coagulant Oosag* 




Analysis 


Of VarlMee 








NTA 
mg/L 


Coagulant Dosage ing/L 


Source of War let Ion 


'1 
Sym of 
Squares 


Degrees of 
Freedon 


ttean 
Squares 


u 


■"O-OOS 


0.0 


5.0 


10,0 


tS.O 


20,0 


30.0 


Ferric Chloride 


6 


0.0 


0.0 


27.1 


*f..8 


61.1 


75.* 


8*. 5 


NTA 


363.7 


2 


181.9 


9.;8 


3i» 






8.0 


0.0 


33. 


52.3 


62.0 


76.2 


85,9 


Coagulant Oosage 


85 357.3 


5 


17 071.5 


9)8. U 


2-3) 






16.0 


0,0 


28.1 


lik.f, 


57.* 


70.5 


82.8 


NTA x Coagulant Dosage 
Error 


185.9 
ij 38t.2 


10 
90 


18.6 
U8.7 


0.13 


1.95 


Alum 


6 


0.0 


0.0 


53.9 


75.3 


85.* 


90.5 


93.5 


MTA 


29,1 


2 


l*.5 


2.16 


3.09 






8.0 


0.0 


S*.* 


75.5 


81.6 


88.5 


92. S 


Coagulant DoSiige 


128 632.8 


5 


25 726.6 


3 821.02 


2.32 






16.0 


0.0 


5*. 6 


7*. 3 


839 


88.9 


91.2 


HTA ■ Coagulant Ik>sage 


67.3 


10 


6.7 


0.15 


1.95 




















Error 


* 8SQ.1 


108 


4*. 9 







3.3.3 



Field studies 



The effect of NTA on the chemical precipitation of phosphorus 
was also examined at field scale. Table 13 indicates the effect of NTA 
on primary phosphorus removal by FeCl^. The removal increased by 5.^^ 
between 1.2 and 10.8 mg/L NTA and by 7,3% between 1.2 and 19.2 mg/L NTA 
No significant difference was observed between 10.8 and 19.2 mg/L NTA. 
It should be observed that the slight increases are just barely 
significant and phosphorus removal has increased rather that decreased. 
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TABLE 13. EFFECT OF NTA ON PHOSPHORUS REMOVAL WITH FeC 1 



3 



Average 

NTA Level 

mg/L HjNTA 



1 .2 



)0.8 



Average 
Temp 



10.5 



12.0 



)9.2 



^.5 



\h 



10 



Average A 
Phosphorus Remova 1 



83.97 



89.36 



1 1 



91.26 



35 



Z(X;-X)' 



633. 13 



195.56 



55.61 



88^.30 



Standard 
Dev I at i on 



6.9 



k.7 



2.h 



V=^=^7.65 



S = 5.26 ^0.05 = 2.0'^2 



Ui - U2. 



Ui - ;j3 



U2 - Ui 



5.39 ± ^o-i^yjf^ + 
o./^^tjTT 



■7.29 ± 1 
■).9 ± 1 



-5.39 * ^.k 
-7.29 ' '+.3 
-1.9 t k.7 



NS 



NS = Not significant at the 95^ confidence 5evel 
S = Significant at the 95^ confidence level. 



The NTA effect when alum was added to the aeration tank 
is shown in Table 1^. No statistically significant difference was 
observed. In the field study at Gloucester (Shannon and Kamp , I973) 
no quantifiable effect on phosphorus removal was observed with 
either alum, FeCla or lime in the presence of increased NTA levels. 
The results obtained from the Waterdown field study confirm the 
findings in the bench scale jar tests and the published literature. 
Ni tri lotriacetlc acid dosages up to 16 mg/L do not adversely affect 
the chemical precipitation of phosphorus in the activated sludge 
process. 



TABLE 14. EFFECT OF NTA 0^ 


) PHOSPHORUS REMOVAL WITH ALUM 






Average 

NTA Level 

mg/L HaNTA 


Average 

Temp 

*C 


n 


Average % 
Phosphorus Removal 


Kx.-x)' 


Standard 
Deviation 


Ul 


2.8 


9-4 


17 


73.15 


2 476.88 


12.4 


V2 


6.4 


9.7 


17 


78.57 


985.58 


7-8 


Ui 


14.0 


9.2 


16 


76.08 


3 047.75 


14.3 




50 




6 510.21 




S 2 = ^-^iy^= 138.52 Sp = n.769 


^0.05 ' ^'^^ 






i ± 8.12 
} ± 8.26 
J ± 8.26 


NS 
NS 

NS 


Ml - M2 = -5. 42 ± 23.66 


ViI^t} = -4: 


U 


I - Us 

! - U3 


-2.93 ± 23.66 
2.49 ± 23.66 





NS = Not significant at the 95^ confidence level. 

3. it NTA Degradation m the Treatment Plant 
3.4.1 General 

Earlier studies have indicated that NTA is biodegradable and 
is removed by the conventional activated sludge process (Thompson and 
Duthle, 1968). It has also been reported that NTA does not affect 
normal treatment plant operation (Shumate et al, 1970). A general 
impression of NTA removal may be obtained by examining Figure 6 (a), 
(b) and (c) where typical influent NTA concentrations and the overall 
amount removed are plotted. Figure 7 (a), (b) and (c) show examples 
of overall NTA removal (in percent removal) and NTA input concentration. 
It may be seen from the Figures that the amount of NTA removed follows 
the input NTA concentration closely and there is a general trend that 
the removal rate decreases with increasing NTA concentration. That Is, 
the rate of NTA removal by acclimated sludges is a first order reaction. 
For the case of stoichiometric NTA-metal complexes, Shannon et a I (1978) 
also determined from batch data that blodegradation of these complexes 
could be approximated by a first order reaction. The overall removal 
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TEMP. 15.t"C 

AVE NTA CONC 2 mg/L 
AVE. REMOVAL 85% 



RAW SEWAGE 
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NTA REMOVED 
ACROSS THE PLANT 



— T 1 T 1 1 r- — 1 1 \ 
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NOV 1972 



16-r 
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FIGURE 6. NTA DEGRADATION 
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FIGURE 7. PERCENT NTA REMOVAL AS A FUNCTION OF INLET NTA CONCENTRATION 
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of NTA through the plant (primary settling and activated sludge 
treatment) has been used throughout the report. This is because data 
from this investigation and that of others has shown that negligible 
removal occurs in primary clarification. Thus, the removals shown are 
attributed to the secondary process only. 

3,^.2 Acclimatization of microorganisms to NTA 

Spiking synthetic sewage in a laboratory size unit with NTA, 
Swisher et al (1967) found that two to three weeks acclimation were 
needed before NTA degradation would proceed smoothly for fresh activated 
sludge. In separate studies, Bouveng et al (1968) found a 35 to 40-day 
acclimation period was required with sewage in bench and pilot scale 
units. In their study, Shumate et al (1970) used five weeks of 
acclimatization for the 2 mg/L NTA level, one week for the following 
8 mg/L NTA addition period, and none for the 16 mg/L NTA period. A 
significant finding in Shumate's work was that an acclimatization period 
was not necessary for an increase in NTA dosage from 8 to 16 mg/L, as 
long as the sewage was already well acclimatized at 8 mg/L. Cleasby 
et al (I97A) found that an increase in NTA feed concentration from 
^ to 8 mg/L caused no Increase in effluent NTA, but an increase to 
16 mg/L did show a higher initial concentration of NTA in the effluent. 
However, only a few days were required to acclimate the system. 
Renn (197^), who was studying NTA loading on a package treatment plant, 
found that a three-month acclimation period was required when the NTA 
level was shifted from 0.5 to 30 mg/L. Shannon et al (1978) observed 
that in batch studies of blodegradat ion of various NTA-metal complexes, 
acclimation generally occurred in less than seven days. The general 
conclusion to be drawn from these studies is that an acclimation period 
Is required for sludge which has not been previously exposed to NTA. 

Acclimation periods were also observed in this study. During 
the alum addition period, three NTA dosage levels were studied con- 
secutively without periods of acclimatization In between. As indicated 
in Figure 8, there was a noticeable drop in NTA removal on February ]k 
when the NTA level was increased to 6.5 mg/L from a baseline value of 
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about 2 mg/L. A similar, but not as pronounced a drop may be noted on 
March 10 when the NTA level increased from 9 to 2k mg/L. During the 
NTA addition period from January 29, 1973 to March 8, 1973, there was 
a two-week acclimation period between NTA spiking levels. Even after 
the two-week acclimation period, there was still some initial reduction 
in NTA removal as a result of the transition from 2.6 to 7*5 mg/L NTA. 

The Waterdown data demonstrated that an acclimation period 
is required following an increase in NTA loading even when the sludge 
has been subjected to NTA for prolonged periods. For NTA loading step 
changes of 5 to 10 mg/L, the acclimation period appears to be 
approximately three weeks. 



3.4.3 



Chemical addition 



The effect of alum and ferric chloride additions on NTA degra- 
dation is demonstrated in Tables 15 and 16. Both chemical additions 
fail to indicate a statistically significant difference in NTA removal 
between samples with and without chemical addition. The sets of data 
were chosen for analyses on the basis of constant temperature and NTA 
dosage. 

TABLE 15. EFFECT OF ALUM ADDITION ON NTA REMOVAL 





Preci pi tant 


Average 

NTA Level 

mg/L H3NTA 


Average 
Temp 

°C 


n 


Average % 
NTA Removal 


£(Xi-X)^ 


Standard 
Devi at ion 


Ul 


No Alum 


3.0 


11.0 


9 


78.8 


1 788.22 


li(.9 


M2 


With Alum 


2.7 


9. it 


17 


88.3 


2 798.26 


13.2 




26 




i» 586.48 




V^^^l^ S-"-»^ '0.05 -^'"^^ 






1 




Ul - Ma 


= -9.5 ± 2E 


'■"Vf^TT 


= -9.5 t n 


76 


m 



NS = Not significant at the SS% confidence level 
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TABLE !6. EFFECT OF FeCIa ADDITION ON NTA REMOVAL 





Precipitant 


Average 

NTA Leve) 

mg/L H3NTA 


Average 

Temp 


n 


X 

Average t 

NTA Removal 


i:(Xj-x)^ 


Standard 
Deviation 


Ul 


No FeCh 


9.S 


12.0 


U 


7B.Sk 


1 989.83 


12.it 


Uz 


With FeCls 


10.8 


12.0 


10 


68.21 


3 '(25.01 


19.5 




2k 




5 4U.8i» 






. 2 _ 5 k}k.Bk 
^ 22 






s ^ = 15.68 

P 


•^0.05 


= 2.07'* 










10.i»3 ± 


13.^7 


NS 


Pl - }i2 


. 10.43 ± : 


i^-S^TT^TO 



NS = Not significant at the $S% confidence level. 

3.^.^ Temperature effect 

Rudd and Hamilton (1972) found in a model-scaled aerated 
sewage lagoon that temperatures of 0.5, 5 and 15°C resulted in NTA 
removal of 25, 47 and 93%» respectively. The NTA input concentration 
was maintained at 1^.0 mg/L. Eden et al (1972) varied the temperature 
of a laboratory unit containing detergent-free sewage with 5 mg/L NTA 
from 5 to 20°C and finally to 7.5°C. The corresponding NTA removals 
were 3, 98 and 82%. Bouveng et al (I968) concluded from a pilot plant 
study with synthetic sewage that degradation of NTA is more efficient 
at 20°C than 5°C. 

Statistical analysis of the Waterdown data presented in 
Table 17 shows that there is a significant difference between NTA 
removal efficiencies at different temperatures. At NTA concentrations 
of approximately 2.5 mg/L, it is observed that a significant difference 
in NTA removal exists between 15-5 and 9-4°C. At the high NTA con- 
centrations of about 20 mg/L, there was a very significant difference 
in NTA removal between 10.3 and 14.5°C. The results show that NTA degra- 
dation is significantly affected by wastewater temperature. The 
magnitude of the temperature effect increases with increased NTA loadings 
to the treatment plant. 
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TABLE 17. EFFECT OF TEMPERATURE ON 
NTA REMOVAL 





Avtiraqr 

Temp 


NTA Lfvet 
mg/t HjNlA 


'^ 


X 

NTA Removal 


I(X.-»>' 


Oev tat ion 


Hf 


tS.S J.J 


7 


98-55 


11.92 


l.Ii 


" I 


9.B 


i.6 lit 


as.?5 


1 52''. 95 


10. e 


... 


3.1* 


2.7 


17' 


88.29 


2 799,26 13.2 




>8 


* J35.1J j 


p 


h 335.1} 
5? 




S -11.13 
P 


^0.05 


• 2.03 




= 13-26 
- 10.26 


22 
22 
22 




13.36 

10,26 
-J.O 


10. 46 5 
10. U 5 
8.15 NS 


..VI ^tI ■ 


^Hj^A 


■' 


■J * 'Ji 


53>T^^i7 





Temp 


MTfi tevel 
mg/l H.KTA 


" 


NTA Hwnoval 


;:(X.-i()'' 


StaniJarct 
Devi at 10 




... 


10.3 


21.9 


13 


58.29 


970.31 


9.0 


... 


I*".? 


19.2 


10 


69.36 


2 W.kk 


16.3 






23 




3 357.75 




P 


3 J57,75 
21 




\- "-35 


'0.05 


- 2.07'i 






■ 31.07 


25 




31.07 


■ 10.77 


S 




I ■ i-; 
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3.4.5 Effect of NTA loading 

In a study of NTA removal at a 1 362 mVd (0.3 MIGD) sewage 
treatment plant (Shumate et al, 1970), it was found that NTA removal 
was 89.4, 90.0 and 75.2^ for nominal NTA dosages of 2, 8 and 16 mg/L, 
respectively. No adverse effect on the treatment plant due to the NTA 
additions was observed. The Gloucester study (Shannon and Kamp, 1973) 
reported NTA removal of 73 and (>]% at average NTA loadings of 0.7 and 
2.2 mg/L, respectively. 

Data from the alum addition period and Phase 2 (2nd trial) of 
this study were selected for analysis of the effect of NTA loading on 
its removal because the temperature variations in each period were 
minimal. Table 18 shows that there Is a significant difference in NTA 
removal between high and low NTA spiking levels. Thompson and Duthie 
(1968) observed that the rate of NTA removal was in all cases a zero 
order reaction. if the data obtained in this study at 9 to 10°C is 
lumped and evaluated, pseudo first order kinetics for NTA removal are 
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suggested. Sufficient data is not available to repeat tlie analysis in 
the higher temperature rate. Pseudo first order kinetics, however, are 
not uncommon in waste treatment systems treating mixed wastes. 

TABLE 18. EFFECT OF NTA LOADING ON ITS REMOVAL 
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3.5 Transport of Heavy Metals from Treatment Plant 
3.5. 1 General 

Nitr i lotrlacetic acid is a strong chelating agent. Its anions 
can form complexes with metallic cations. From the environmental pro- 
tection point of view, there is serious concern as to the formation of 
NTA-metal complexes and their subsequent degree of biodegradat ion in 
wastewater treatment plants. If the NTA-metal complexes are not readily 
degraded in the plant, there will be transport through, or washout of, 
heavy metals from the treatment plant to the receiving streams. Shannon 
et al (1978) studied the biodegradat ion of various NTA-metal complexes 
and concluded that for most complexes in the concentrations that might 
occur, metal transport, even at low winter temperatures, is a problem of 
little practical significance. In the Waterdown study, the net effect 
of chelate formation and their biodegradat ion was assessed Indirectly 
by comparing the heavy metal removal efficiencies for periods of 
different NTA dosages. A reduced heavy metal removal efficiency in the 
presence of NTA would be indicative of heavy metal transport. 
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3.5.2 Heavy metal removal and NTA degradation 

In a study by Chau and ShiomI (1972), heavy metals such as 
Cu, Zn, Fe and Ni, were released from Lake Ontario sediment samples in 
the form of soluble NTA-metal complexes after NTA was added. tt was 
found that once the degradation of the added NTA was completed, the 
concentrations of the soluble or released metals decreased drastically. 
Chau and Shiomi (1972) suggested that when the NTA complexing mechanism 
was destroyed through NTA degradation, all the released metals either 
recombined with their original anions to form prec I pi tants , or were 
adsorbed by the sediment. Figure 9 shows the relationship between heavy 
metal removal efficiencies and percent NTA removal in this study. The 
heavy metals examined included Zn, Cu , Fe and Al. Except for Cu, the 
general trend indicates that higher NTA removal generally results in 
higher heavy metal removal. This is to be expected since a higher NTA 
removal efficiency means less NTA available to form chelates with the 
heavy metals. Furthermore, the overall NTA removal may also include 
the biodegradat ion of the NTA portion of a NTA-metal complex. 

3.5*3 Effect of chemical addition 

At relatively constant temperature and NTA loading, the addition 
of FeCl 3 to the treatment plant was found to improve the removal 
efficiencies for Zn, Cu and Al by approximately 25^. The results are 
statistically significant as shown in Table 19. The amount of complexing 
or solubilization of the heavy metals by NTA may have been reduced as a 
result of FeCU addition. The iron would compete with the other heavy 
metals for NTA's chelating capacity with the result that a lesser amount 
of the other heavy metals are solubilized (Ashforth and Calvin, 1973). 

The heavy metal data during the alum addition period was 
erratic. The main cause of the variation may have been the start-up 
difficulties. Solids carryover was also observed. As a result, the 
effect of alum addition could not be assessed. 
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FIGURE 9. HEAVY METAL REMOVAL AS A FUNCTION OF NTA REMOVAL 
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TABLE 19. EFFECT OF FeC 1 3 ADDITION ON HEAVY METAL REMOVAL IN THE PRESENCE OF NTA 
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3.5.^ Effect of NTA loading 

Nilsson (1971) added heavy metals and NTA to wastewater 
samples and found that Cu and Pb escaped precipitation in the presence 
of NTA ranging in concentrations from to 12 mg/L. Sanchez and Lee 
(1973) added NTA to dredged lake sediment samples and reported that 
increasing amounts of Fe and Mg were solubllized due to an increase »n 
NTA concentrations. However, contrary to what would be expected, the 
copper released from the sediments was found to decrease with increasing 
NTA, Shannon and Kamp (1973) reported no transport of Fe, Cu, Zn and 
Pb due to NTA increase. This could be due to the relatively low average 
NTA dosage used in their study, but there was some evidence of transport 
of Ni and Cd. The average fraction of metal transported through a full 
scale waste treatment plant and a pilot plant spiked with NTA operating 
in parallel, was examined by Cleasby et al (197^)- Statistical analysis 
of the data revealed no significant difference in metal transport 
between the two plants and no correlation between NTA loading and metal 
transport. Renn (197^) i who examined a small package plant, found that 
zinc and iron transport increased with increased NTA loading. To 
evaluate the effect of different NTA effluent levels on heavy metal 
removal, data from three study periods (iron addition period, second 
year Phase 1 and Phase II) were analyzed for significant differences 
in metal removal. For the metals considered (A1 , Zn, Cu, Fe, 
Ni and Pb) no general trend in heavy metal removal efficiency is 
evident (Table 20). The removal of aluminum, nickel and lead is in- 
dependent of NTA concentration. Zinc and iron removal tend to decrease 
with increasing NTA level, however, in most cases the differences in 
removal are not statistically significant. For copper and iron 
removal, the trend is for increased copper and iron removal with 
increased NTA level in the effluent. However, as with zinc, the 
differences in removal are, in most instances, not statistically 
significant. Aluminum, Ni and Pb removal did not increase with increased 
NTA level In the effluent. The data, in general, tend to confirm the 
results obtained by Cleasby et al (197^). That is: zinc transport 
increased with increased NTA level in the effluent. 
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TABLE 20. EFFECT OF NTA LOADING ON HEAVY 
METAL REMOVAL 
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